Section of Physical Medicine
President-KENNETH LLOYD, M.R.C.P. THE thirteenth Samuel Hyde Memorial Lecture was delivered by Professor J. Z. YOUNG (London); his subject was Nerve Regeneration. Meeting May 13, 1959 Arthrogryposis Multiplex Congenita By D. Y. MACKENZE, M.D., M.R.C.P., D.C.H. London ONE of the most disabling of the congenital abnormalities with which we have to deal is the condition of arthrogryposis multiplex congenita. It is characterized by multiple rigid joint deformities which are present at birth (Fig. 1 ). The condition was first described by Otto in 1841. In 1905 Rosencranz described a group of cases of club hand and contractures of the upper extremities and introduced the name arthrogryposis, meaning a curved or crooked joint. Many have objected to the name arthrogryposis multiplex congenita because in some of the cases the affected joint is persistently straight and cannot be bent; because it suggests that the condition is one primarily of joints and does not indicate the important changes in the muscles; and because it contains a mixture of Latin and Greek. Nevertheless it has a certain phonetic charm and has persisted in the literature. Most of the reports have been based on only a few cases with resultant difficulty in drawing any concise picture of the etiology and natural history of the condition. Two more comprehensive reports have appeared in the American literature, by Kite (1955) , who reviewed 54 cases he had seen personally, and by Mead et a!. (1958) , who reported on 40 cases seen at the Hospital for Crippled Children in Chicago. There has been no comparable review in this country. The present study is based upon 37 cases seen at the Hospital for Sick Children, Great Ormond Street, during the past twenty-two years. The purpose was to see if any conclusions could be drawn which would aid in the understanding and management of the disorder.
It has long been considered possible, and by many likely, that arthrogryposis is caused by a chromosomal defect. Kite found 3 arthrogrypotics with arthrogrypotic children, in 2 cases the mother being affected and in I the father; in DECEMBER 6 cases (11 %Y) there were deformities in ancestors.
In the present series there was no history of deformities in the families of the affected children and in no case was there any associated disorder suggesting a hereditary etiology; this is in agreement with the cases reported by Mead et al., where careful investigation failed to reveal any similar congenital anomaly in the families of the 40 children studied. One of the children seen at Great Ormond Street was a twin, the other twin being perfectly normal. Hillman and Johnson (1952) reported two sets of identical twins in which one child of each set was normal and the other arthrogrypotic. Two similar twin pregnancies were reported by Mead et al. and three sets of twins each with one affected infant by Kite. Thiswould appear, to refute the tbeory that the disse is hereditary. It also casts doubt on the importance of certain other intra-uterine factors such as infections und toxic ita circulatory influences which are unlikely to affect one twin and not the other.
An interesting feature arises in this series in relation to the mother's condition during pregnancy. In 8 cases the mothers stated that they were smaller than during preceding pregnancies, and in two other cases, both primiparm, the mothers stated that they were small during the pregnancy. Movements were less noticeable and in 4 cases the pregnancy was more uncomfortable. 4 considered that they were rather large, but 2 of these had no preceding or subsequent pregnancy with which to compare their size. In the remainder no specific comment was made in relation to size, but 2 complained of feeling unwell in comparison with other pregnancies. In 2 cases there had been a previous miscarriage and in 2 cases a threatened abortion had occurred. One mother stated that there had been slight blood loss during the first four months of the pregnancy and another had a threatened miscarriage at the thirty-second week. There was no history of significant infections or exposure to X-rays during the pregnancy. One mother had toxwemia and renal trouble but the pregnancy went to full-term. Abnormal pressure was felt in the side in one case, and in the chest in another. Two mothers complained of discomfort after a breech was turned towards the end of pregnancy.
The gestation period was normal in all cases except for one in which labour occurred two months before the expected date of delivery, and in only 2 other cases were the infants premature as assessed by birth weight. One infant weighed 5 lb. at birth and the other, the arthrogrypotic twin, 4j lb.
The mothers' ages, where stated, were within the normal range and there was no evidence that the condition occurs more frequently at the extremes of the reproductive cycle.
In 11 cases the infant resulted from the first pregnancy. 8 occurred in the second, 7 in the third, 4 in the fourth, 1 in the fifth and 1 in the sixth pregnancy. In 5 cases the order of birth was not stated, but it seems probable that there were no preceding siblings.
Breech presentation occurred in 7 cases and face presentation in one. In one case a Cesarean section was performed because of impaction of the head and the mother was found to have a bicornuate uterus. Labour and delivery were otherwise uncomplicated in all cases except one where forceps had to be used following deep transverse arrest.
Two infants required oxygen at birth because of difficulty in establishing respiration. The condition of the remaining infants was normal except that the limb deformities were obvious at birth apart from the most mildly affected cases.
There may be involvement of all four extremities or of one or two. The changes tend to be symmetrical. There is marked wasting due to diminished muscle substance and considerable limitation of joint mobility due to increased fibrous tissue about the joints. The joint changes are characteristic in that, despite the rigidity, a few degrees of movement are present, and this is quite free and painless. The muscle changes may be such that activation of the joint is almost impossible and the movement entirely passive. The skin and subcutaneous tissues may be involved but bone is unaffected except for -'secondary influences.
The legs and arms were involved in 28 cases in the present series, the legs alone in 4 cases, and the arms alone in 5 cases. No case was unilateral.
The most common deformity was talipes equinovarus which was present in 29 cases. In 1 case talipes equinovarus of the right foot was associated with calcaneolvagus of the left foot, and in 1 case with equinovalgus of the left foot. The knees were involved in 26 cases and the hips in 17. A flexion deformity is usual at the knee but in 7 cases the knee was in complete extension. The shoulders were involved in 17 cases with movement being limited to less than a right angle. 25 cases had involvement of the elbow, rigidity in flexion being commoner than rigidity in extension. The wrists and fingers were involved in 29 cases, the deformity being generally one of flexion. The fingers are characteristic in appearance being tapered with smooth skin and are likened to a bent wax candle. Associated deformities.-Congenital dislocation of the hip, which is generally reported as a common association, was present in 6 cases, being bilateral in 5 and unilateral in 1. 2 infants showed X-ray changes at the hip-joints, 1 having shallow acetabulh and the other dysplasia and subluxation. Associated deformities included cranio-stenosis in 1 case, congenital heart disease (P.D.A. and V.S.D.) in 1 case, syndactyly in 1 case and tongue-tie in 1 case. One infant had an associated osteogenesis imperfecta with multiple fractures. Multiple deformities were present in 2 cases. One of these infants had micrognathos, a cleft palate, a deformed right auditory meatus 1102 1i Section of Physical Medicine and an absent left sternomastoid muscle (Fig. 2) . The other had micrognathos, Sprengle's shoulders, scaphocephaly and a sternomastoid tumour. Congenital laryngeal strider occurred in this and in one other case. One infant had a deformed chest and 2 had herniax, 1 inguinal and 1 umbilical, requiring surgical treatment.
An impression has been given by many of the reports in the literature that mental deficiency is frequently associated with arthrogryposis; this is incorrect. In the present series only 2 cases showed mental retardation, a figure in agreement with the Chicago report where only 2 of the 40 patients were considered below normal in intelligence.
No post-mortem material has been available for study in the present series. A biopsy was performed in 2 cases, both specimens showing small atrophic muscle fibres with reduction of sarcoplasm and a spurious increase of nuclei. Adipose and fibrous connective tissue was increased ( Fig. 3) .
Laboratory investigations, where undertaken, revealed no significant abnormality. There were 2 deaths during infancy. 1 infant with involvement of all limbs, bilateral dislocation of the hips and congenital laryngeal stridor had recurrent chest infections and died from pneumonia at the age of 6 months. Another infant, with moderate involvement of all the limb joints, developed the typical picture of infantile progressive muscular atrophy and died at the age of 6 months. Difficulty was experienced with the feeding of 1 of the cases with multiple defects and the weight gain was slow. The remainder of these children thrived normally during infancy. Developmental milestones were passed at approximately normal times excepting those activities which were dependent on the arthrogrypotic limbs. Resistance to infection during childhood appeared to be normal although 2 children with involvement of the shoulders showed an increased susceptibility to respiratory infections. Follow-up of the cases observed through childhood revealed no evidence that this is a progressive disorder. Unfortunately there appears to be little spontaneous improvement.
The management of these children is of considerable importance. The normal intelligence must be recognized and every effort made to ensure suitable education and to prevent psychological upsets complicating the physical disabilities. Attendance at an ordinary school may be possible where the disability is slight. In most cases the nature of the disability makes ordinary schooling difficult. In addition to the difficulty experienced in writing and other school work, children with arm involvement may be unable to dress themselves or attend to their own toil-t. Attendance at a school for physically handicapped children is usually necessary.
The aim of treatment for those cases with involvement of the lower limbs is to obtain stability, and as good weight-bearing alignment and locomotion as possible. Simple conservative measures have occasionally sufficed in the mildly affected case, but the fibrous thickening around the joints of the average case has usually pre- vented successful manipulation and the lack of muscles has often rendered a joint useless even though a considerable range of movement was present. The more severe degrees of club-foot have proved intractable, tending to relapse in spite of all forms of management. In general the more rigid the deformity at the start of treatment, the greater the tendency to relapse regardless of the treatment selected. This deformity, however, tends to progress with growth and incorrect weight-bearing and contractures are a common occurrence. Corrective treatment has been started as early as possible in the usual sequence, postponing radical surgical procedures as long as possible to avoid the destructive effect on bone growth.
The knee requires treatment if it is badly deformed or unstable. A weight-bearing position must be achieved as may be possible, with the provision of braces if the muscle power is not sufficient for stability.
Dislocation of the hips is best left alone. Attempts to reduce the dislocation may result in fracture of the neck of the femur. The stiffness which is such an obstruction to successful treatment is beneficial in producing stability. Where instability remains troublesome the gait can be improved by subtrochanteric osteotomies. Mead et al. (1958) , in their review of surgical management, recorded no case in which a normally mobile stable hip had been obtained in a dislocated arthrogrypotic joint.
Surgical procedures have been undertaken in the present series where definite indications for surgery were present. Operations performed have included tendon transplant, wedge resection, tarsal block resection, and triple arthrodesis.
Treatment of the arms must aim at obtaining a position of optimum function and it is important that at least one hand can reach the face.
The results of treatment in general are less satisfactory than in patients with similar deformities resulting from different causes. Unfortunately even after correction of the deformity function may be poor because of lack of muscle power or stiffness. Despite the poor mechanics in many of these children pain has not been troublesome and despite the severe handicap they make a satisfactory adjustment to life.
The outstanding feature in this series in regard to etiology is the high incidence of pressure abnormalities during the pregnancy. In 10 cases the pregnancy was described as small and in 8 of these the mothers had other pregnancies with which to compare their size. Pressure dimples over bony points (Fig. 4) were observed in 9 cases and in 2 cases there were depressions in the chest wall into which the deformed arms fitted. In the 2 cases in which a breech was turned by external version, considerable difficulty was experienced in carrying out the manoeuvre in one case and both mothers complained of persistent discomfort following the version.
Etiology.-A variety of theories have been put forward. The degree of severity of the patho-logical process is variable and accounts, no doubt, for the different views in regard to the essential nature of the condition as expressed by those reporting on only a few cases. Many theories such as intra-uterine periarthritis and virus infections have little to commend them. Hereditary factors as previously mentioned appear unlikely to be of major importance. Sheldon (1932) originally suggested that amyoplasia was the basic abnormality, the joint fibrosis occurring because of the lack of intra-uterine activity. Banker et al. (1957) reported a case of arthrogryposis with primary disease of muscle and no abnormality in the central or peripheral nervous systems. Similar cases with pathological studies have been reported by Stoeber (1938 ), Ulirich (1930 and Howard (1908) . It is of interest that in these 4 cases the children all showed a similar clinical picture of kyphoscoliosis, chest deformity, an abnormality of head posture and a characteristic leg deformity with adduction and flexion of the hips and flexion of the knees. In the present series there were no cases with this clinical picture. Others have felt that the primary abnormality lies in the embryonic nervous system, lack or an abnormality of development resulting in paralysis of the embryonic muscle. Kanof et al. (1956) repeated muscle biopsies in 3 patients and-a complete post-mortem study in 1 and suggested that the condition may be an infantile form of neuromuscular atrophy rather than a primary disease of eitherjoints or muscles. Adams et al. (1953) reported a case of arthrogryposis with involvement of all limbs in which the anterior horn cells had disappeared in the lumbosacral region and were reduced in the upper lumbar, thoracic andcervical regions. A second case with involvement of the lower limbs showed a reduction in number and size of the anterior horn cells in the lumbosacral area. A similar pathological picture has been reported by Brandt (1947) .
The muscle loss is not that ofjoint immobilization and tends to occur in a group-of muscles having a common function. This suggests that the joint change is probably secondary to an abnormality in the muscle. In the growing limb bud movements produced by muscle contraction aid in the natural formation of the structure of the joints.
The theory that abnormal intra-uterine pressure was concerned in the production of arthrogryposis has long been considered important by Browne (1957) . There appears to be support for his view in the present series. Increase in the hydraulic pressure on the feetus if long continued interferes with the circulation in the limbs. The hydraulic compression affects all four limbs, the greatest effect being in those tissues furthest removed from the heart and in those parts which are unsheltered, normally the legs and feet. The arms appear to obtain a degree of protection from the large foetal head, although they occasionally become involved and may even be caught in the "wooden soldier" position with extension of the elbows (Fig. 5 ). The interference in the blood supply to the limbs results in failure of normal muscle development and to secondary thickening and stiffening of the fibrous tissue around the joint.
Certain features emerge from the review of treatment in these cases. The main disability is undoubtedly lack of function rather than structural deformity. A sound physiotherapeutic regime is of the utmost importance in preserving and obtaining the best possible function from the deficient musculature. Manipulation followed by immobilization may improve the position of the joint but unfortunately weakens the muscles and the deformity steadily recurs. Surgery must be undertaken only after careful consideration of the nature of the disability and the aim must always be to enable the patient to use the limbs to the best possible advantage. Deformity and limitation of movement are of much less importance than the total functional efficiency of the limb.
